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}&j/ ABSTRACT

The theoretical background and the experimental verification of a new
composite grating with two different grating densities, which was developed for
simultaneous small and large displacement measurements of a single specimen
using moire interferometry, are presented in this paper. A composite grating
Wwith line densities of 1200 and 300 lines/mm is then used to study the changes
in the displacement field and the approximate J-integral values of a 5052-H32

aluminum, single edge notched (SEN) specimen under increasing load.
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i 1. INTRODUCTION

N

v

ot Moire interferometry is capable of full field, in-plane as well as
?: out-of-plane surface displacement measurements of elastic, inelastic and
aﬁj anisotropic materials. This experimental technique became more useful when
: . Post and his associates [1,2,3] developed practical methods for producing the
3}& needed high density grating and for transferring the grating onto a specimen.
¥: The Post’s method as well as other methods [4.5,6]1 have been used successfully
f&%’ to analyze various static plane problems in fracture mechanics. The high
gs. sensitivity in measuring the surface displacement by moire interferometry also
§?§ was used by two of the authors who studied the crack tip field in ductile
’!T fracture specimens (7,8]. However, our study was hampered by the 1increasing
(Eg magnitude of the displacements which eventually obliviated the moire fringes
:%5 near the crack tip as the applied load was increased. A composite grating wWith
i. \ two different grating frequencies of f1 and fz, either of which can be used as
ﬁg the active grating frequency, was thus developed to overcome this experimental
q?: difficulty. Using this composite grating, the sensitivity of the moire
NS interferometry system can be selectively chosen where active grating of high
'?*J frequency can be used during the earlier loading stage to measure the small
:ﬁ; surface deformation followed by the use of a low frequency active grating
:ﬁ?s durina the latter loading stage to measure the large surface deformations. In
;{ﬁ the followina, the theoretical backgqround and the procedures for producina and
%bﬁ using this composite gqrating are present. Finally, the wutility of the
X composite grating is demonstrated by estimatina the J-interqral values in a
';EE 5052~H3Z aluminum, single edge notched specimen Which was loaded to failure.
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I 2._THEORY

‘o'\;

ﬁk 2.1 Superposition of Two Parallel Sine Gratings with Different Grating
i ¥

Ay

.'* Frequencies

.gl'

o . .

o The grating functions for two parallel sine gratings, one with a grating

frequency of fl and the other with a grating frequency of fz. as shown in

Fiqure 1, are

!

ﬁ‘ Tl(x) = to + tl sinwalx

L (L
:; Tz(x) = td + ti sinZﬂfzx

P where to. t’o. tl. and t'l are the linear developing coefficients, and fl and
R

| M

fZ are the spatial frequencies of the agratinas. A composite sine qrating,

.ﬁ' which contains two different grating frequencies, f1 and fz. can be constructed
8,
Jh: by a double exposure technique. The resultant composite sine grating function
D 13

r

-~

»

o T(x) =Tl(x> * T,0x)

I “

R)

v = [ tt' ¢t t zin2af x + t t’' gin2»f x (2)

e oo 10 1 o1 2

[

>3 ¢ £ t t’ sin2w(f - f I)x ¢+ Ly t’ sinZ2w(f + f )x ]

" 2 11 1 2 2 11 1 2

P 2.2 Diffraction Field of Parallel Composite Sine Grating

‘WA

‘D

At

()

W Consider a laser beam in the x-z plane entering perpendicularly to the
Sf composite sine gqrating as shown in Fiqure 2. The diffraction field appearing
L}

)

f{l in the frequency plane 1is the convolution of the two individual fourier
" 3
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transform planes of grating frequencies of fl and fz. The diffraction field

can be described as

0 0 diffraction order
1flx +1 Jdiffraction order
3ind = tfzx +1 diffraction order (3)
t(fl-fz)x +1 diffraction order
t(fl*fz)x +1 diffraction order

where 6 1is the diffraction angle. If the laser beam in the x-z plane enters
the composite sine grating with an incident angle of ¢ with respect to the

z-axis, then

0 + sin¢ 0 diffraction order
tfl* + sin¢g +1 diffraction order
sin® = gfzx + sing +1 diffraction order (4)
1(fl—fz)x + s8ing +1 diffraction order
t(flffz)x + ging +1 diffraction order

2.3 Superposition of Two Perpendicular Sine Gratings with Different Gr:ting

The gqrating function for an orthogonal composite sine grating with

and f_. as shown in Figure 3, is easily derived in a similar

frequencies, fl 2

procedure as




e Tx,y) = T, (0) * T,(y)

= [ toti + tlto sinthlx + toti sinZﬂny

tﬁ'l" 1
;3: + 2 tlti sinZw(flx—fzy) + % tlti sinZﬂ(tlx + fzy) ] (5)
a,"l.

3

- 2.4 Diffraction Field of Orthogonal Composite Sine Grating

::
)
o
el The diffraction field at the frequency plane due to a laser beam in the
. z plane entering perpendicularly to an orthogonal composite sine grating, as
J't"
N
‘*5 shown in Fiqgure 4, can be described as
.P’ ‘0
R

S

"

v 0,0 0 diffraction order

e

s (+f1x, O +1 diffraction order
L tsin®, sinB) = (6)

?ﬁf (0, *fzx) +1 diffraction order
v (3flA. tfzx) cross +1 diffraction order
e
s
;:5 [In general, if a laser beam in the x-z plane enters the orthogonal composite
N .

M, sine grating at an incident angle of ¢ with respect to the z-axis, then

J
L] .
A . ) )
A (0,0 ¢+ (3ing,0) 0 diffraction order

)

e

i (ffla, 0) + (3ing,0) +]1 diffraction order

13in®, sinB) = (7
N (0, +f.A) + (3ing,0) +1 diffraction order
$; (+f 4, +f,0) + (5ine,0) cross +1 Jditfraction order
....: g
2.5 Moire Interferometry with Composite Grating as Specimen Grating

N
:;i Now consider a moire interferometry system which contains two gratings, a
Leo

v reference arating and a specimen grating, as shown in Figure S. Let a parallel
>\ ~omposite grating be the specimen qrating and denote the grating frequency of
.
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the reference grating as f*. Let the incident angle, ¢, in Figure S, satisfy

the following condition of

(8)

N
)]

sing =

Equation (8) represents the condition for generating symmetrical zero and first
diffraction orders from the reference grating. These rays will generate the
moire fringes upon interfering with the specimen grating. With the composite
grating as the specimen grating, the sensitivity of the moire fringe can be

chosen with different reference grating frequencies, f*, as follows:

€ = 2, - u=N/E
*
t = 2f - u = N/f
. ¢ 2 (9)
£ = 2f6,) o+ u= NE-f)
*
€% = 20846, 4 u = N/(EHEy)

where u represents the displacement field generated by moire interferometry and

N is the moire fringe number.

3. PRODUCTION OF COMPOSITE GRATING

Figqure 6 shows the optical setup, which is similar to that of Ref. (3],
for producing the composite grating of frequencies of fl and fz. In this
investigatinon, a 1200/30C lines/mm composite grating was chosen. First, a
virtual arating of frequency of f=300 lines/mm wWwas produced and recorded on a

photographic plate (Kodak High Resolution Plate, type TE). An argon ion laser

With 150 mW power setting was used Wwith an exposure time of 0.2 seconds. The

nptical setup was then changed to a virtual frequency grating of £=1200
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igg: lines/mm and the photographic plate was exposed again with a laser power
gﬁ: setting of 500 mW and an exposure time of 0.4 seconds. The exposed plate was
g developed (Kodak developer, D-19 for S minutes), fixed and bleached. The final
E% step prior to drying is to dip the plate in a wetting agent (Kodak Photo-Flo,
ﬁﬂﬁ diluted to 200:1). This developing procedure was essentially identical to that
!“i' discussed in Ref. [2].

3

5.f 4. MOIRE INTERFEROMETRY USING COMPOSITE GRATING

e . . o
.“~ The optical setup, which was used to generate moire fringes is shown in
kﬁt Figure 7 in which two virtual reference gratings of frequencies 2400 and 600
-_:i lines/mm were used. This arrangement corresponds to a fringe multiplication of
;: two or =2, and f =2f, in Equation (9), where f,=1200 lines/mn and
Qf: fl=300 lines/mm. A 1200/300 1lines/mm parallel composite grating was then
iﬁi inserted in the gspecimen grating 1location. Figure 8 shows two in-plane
EEZ rotation moire patterns produced by the 1200/300 lines/mm composite grating
‘;;. with 0.06 degrees in-plane rotation. As shown in Figqure 8, the ratio of the
;£“ fringe density coincides with the theoretical prediction of 4:1.

)

B2

N S.__STABLE CRACK _GROWTH IN $052-H32 SEN SPECIMEN

'“Q

E&: A fatique precracked 5052-H32 aluminum single edge notch (SEN) specimen,
?k’ as shown in Fiqure 9, was tested for stable crack growth to failure. With no
';: load on the specimen, the mirror for virtual grating in Figure 7 was first

iy adjusted for the initial null fields at the two virtual reference grating
14 frequencies of 2400/600 lines/mm. The light paths of the two virtual reference

gratings are controlled by two shutters. At each loading stage, moire fringe
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. patterns corresponding to either 2400 lines/mm or 600 lines/mm of the reference
i
}kﬁ; grating frequencies were selectively recorded. Figure 10 and 11 shows two
5&?‘ moire fringe patterns for virtual reference grating frequencies of 2400
3
g\' lines/mm and 600 lines/mm, at the first and fourth level of applied load,
LAY
"‘.:'.' respectively. The ratio of the two fringe densities between the two moire
’:ﬁ‘ patterns coincides with the theoretical prediction of 4:1.
.I’
N
g
B The moire fringe pattern, which was generated by the denser 2400 line/mm
fﬁf virtual grating, at the fourth level of applied load of 2.08 kN is almost
o
i f indistinguishable and thus only the moire fringe patterns corresponding to the
[ .l
Eéﬂ coargse virtual grating of 600 lines/mm were recorded in the subsequent seven
1
{.; load levels prior to rapid fracture.
D l\*
:‘:.
La
*35‘ Also shown in Figs. 10 and 11 is the rectangular contour used in

estimating the J-integral using the procedure described in Refs. [7,8). The J

values estimated when testing a similar 5052-H32 SEN specimen to fracture (8]

vl

N *

shows that the integration path used in this analysis was sufficiently far away

from the fatiqued crack tip, which was blunted by large scale yielding, and is

P

L S &

>
d"-‘ J"

-

outside of the path dependent region of J [91. Figure 12 shows the estimated J

-

resistance curve to rapid tearing, which was obtained by using the composite

grating for the 5052-H32 SEN specimen.

al 5. DISCUSSIONS

‘5\‘ For a composite grating of frequencies of fl and fz, four active grating
l~ \

&¥’ frequencies, fl' fz, (f1+f2) and (fz—fl), can be chosen as shown by

s Equation (9). With a 600/700 1lines/mm composite grating, the ratio of the
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sensitivities of the moire system can be as high as 13:1, i.e. 1300 lines/mm
versus 100 lines/mm. Composite grating, is a very useful feature in the wide
range of grating frequencies, which can be generated rapidly, for measuring the
displacements near a ductile crack tip region with increasing load. Thus,
using a composite grating, all phases of the increasing displacements can be
recorded by the moire interferometry and thus, the measurable range of

displacement field of a ductile fracture specimen is extended.

Application of the composite grating with moire interferometry is not
restricted to measurement of a ductile crack tip displacement field. One
useful application of moire interferometry with composite grating is to measure
the displacement fields of a bonded dissimilar materials with large differences

the rigidities of each material.

6. CONCLUSION

A new composite grating wWith two different grating densities has been
developed. The theoretical background and the experimental verification of the
composite grating are described. The utility of a composite grating 1is
demonstrated by real-time moire interferometry test, where both small and large
surface displacements of a single fracture specimen was recorded without

changing the active/reference grating setup.

Y

‘_. s e P R _"f’)‘! “1 %' %] ‘P \' ) %N
, ‘:‘i g.l a0\ 3 1‘«:5‘:" c-i.kl.!‘l c‘(&‘:'l f“'f”,"’ (P !ﬂ !’)‘..‘ }..?...!"5&‘ .';‘,‘l:‘":'!'?".';.h' 5 ,'_x h "!. ) ..“, ':?'l‘u !‘;‘.‘D}‘?‘.'



o'y minn 3 AU P TRV JUE T URT TTRS \ DTV RLTPILPY FRPYPLI\ P TILY Y OLT | Y ad -agoall AR - aR. i - ok ahoiaf - aie cad . ab -ai ad ‘ap “aR Vg oL S

:!"\

o 7. _ACKNOWLEDGEMENT

o

.=;- The work reported here was completed under ONR Contract N00014-85-K-0187.
4
Cd

.:{: The authors wish to acknowledge the support and encouragement of

LS

T

5 Dr. Yapa Rajapakse, ONR, during the course of this investigation.
A}

’.

O 8. REFERENCES

g

e 1. D. Post, Mechanics of Nondestructive Testing, edited by W.W. Stinchcomb,
™

e Plenum Publishing Corp., (1980).

o)

3N

e

m’j 2. D. Post, Optical Engineering, Vol. 21, No. 3, pp. 458-467, (1982).

K

KA~

‘-'_:.'

e

Jhy 3. D. Post. SEM Handbook on Experimental Mechanics, edited by A.S. Kobayashi,
y pp. 314-387, Prentice-Hall, (1987). l

o

AN

f ) 4. A. Ohta, M. Kosuge, and E. Sasaki, International Journal of Fracture, 13,

J

RYY 289 (1977).

A

w7

\ »

ﬁ 5 C.A. Walker and J. McKelvie, Experimental Mechanics, 18(8), 316, (1978).

P
W

A
el

\ﬂz- 6 A. McDonach, J. McKelvie, P. MacKenzie, and C.A. Walker, Experimental
e Techniques, 23(2), 20, (June 1983).
e
-,
f:{ 7 B.S.-J. Kang, A.S. Kobayashi and D. Post, "Stable Crack Growth in Aluminum
+ S
i?. Tensile Specimens,” to be published in Experimental Mechanics.
Vi
KTy
1\
()
Q':' q

Al A P

Bt Qe § Py > P n - S Pl RO T L p s 8 :
EaTe A s 1 " p%af. ) ]
S "'f‘ n.":!l'n EEROLAGHT -."t..i': 'cb‘." s '( e n!h R EA D e Y T IR ‘-‘,"JQ’Q‘,‘G-‘ 1&""'{? N KR



e 8. B.S.-J. Kang and A.S. Kobayashi, "J-resistance Curves in Aluminum SEN

R Specimens," to be published in Experimental Mechanics.

z 9. R.M. McMeeking, Journal of Mechanics and Physics of Solids, 25, 357,

;’: (1972).

-
-y - .
Wterald

-
1
'-l

i

5

Nl A

-,‘, _
S rpmaitets
1 R R MY

AN, |l

@

oY

J

%y, LN O d (/ W' ﬂl.- (A
.g : r‘ W ‘.0 ".ﬁ ‘4" i) ’.\5 AN ‘ .’ ‘ﬂ“‘“ U ."?1 " # q""g‘ 'Q« q' :‘fi“‘.‘.l?. »‘ﬁf.hfg‘,‘:.‘t&*ﬁ_’.a‘ﬁﬁ f‘! ' '. \ * .f"'i ‘0 .,l .‘iqut,!"r 198 11 ‘.l jlgl .\ E‘; 4 “c ‘Q 'AI ‘



pad FIGURE 1 TWO PARALLEL SINE GRATINGS WITH DIFFERENT GRATING
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. FIGURE 3 TWO PERPENDICULAR SINE GRATINGS WITH DIFFERENT
“; GRATING FREQUENCIES

o COMPOSITE GRATING

FREQUENCY PLANE

FIGURE 4 DIFFRACTION FIELD OF AN ORTHOGONAL COMPOSITE GRATING
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) SPECIMEN THICKNESS: 0.8 mm
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- FIGURE 9 5052-H32 ALUMINUM SINGLE EDGE NOTCHED (SEN) SPECIMEN
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FIGURE 10 MOIRE FRINGES GENERATED BY COMPOSITE GRATING AT
APPLIED LOAD OF 1 22 KN




PR
LA

s % o
-.. ". .." l«".’&"‘k 4

-

¢

-
L4

e

L ' ’, ., "‘.

A\ )

r % e

.*f P |'_'|._
SN

2200

1 mm Ny “\

LI

N
.

'.l'l."u'l
Perelielrd
PRI

(Active Grating Frequency 300 lines/mm)

oy

ol e

S I

bR\

o
N
b .
,{?: }> ﬁb o
- "y 4

;;;»- /]/hu ,/ ’ '0 ...~ ,.m* ‘x
o / by Gkt ’/ P
e jq’ L. " ‘ \.
L ).
- * s e aa. . v

E 3

(Active Grating Frequency 1200 Tines/mm)
\:,
o
X4
FIGURE 11 MOIRE FRINGES GENERATED BY COMPOSITE GRATING AT

~;- APPLIED LOAD OF 2.08 KN

N

P
®
e

al

o - o)

N N L L et T R e e e e g T e R L A T ST R LLLY .,:"\-
- - KA . e WA » “x | . i A W,



R
L4
vav;\.

ey
-

= i WD
od” ot o

LI

2 il
%ﬁﬁ,'

O.tj
-
- A
0.100-]
~ a
s 0.078 —
= A
x -
-~ 0.050 —
» a
ﬁ
0.025 — a8
~ a
: 4: 300 lines/mm GRATING
a é 0: 1200 lines/mm GRATING
0.000 rr1r r [ rryrr1r [ v rrr [ rrrr T
0.0 0.9 1.0 1.3 2.0 2.3

CRACK EXTENSION (mm)

FIGURE 12 J VALUES VERSUS CRACK EXTENSION, 5052-H32 ALUMINUM SEN
FATIGUE PRECRAKCED SPECIMEN WITH INITIAL CRACK LENGTH
2.94 mm, SPECIMEN NO. JCPL.




F - L - LAS ALl atd aid abhi obi-abd - osh: ol &= B ol

A

%

LA

-
-

o
ﬂ".;- ;v 5,

-~
A

]

Cd

",
1}
Vit

Il nagTEl AAILImg LIST
JPOATED 7/ 86

Office of Raval 8
890 ®. Quincy Street
Ariingten. v& 32217-3000
Atta: Code LLIISH (4 copres!

Jffice af Wavel Ressarch
$.0 W, Juincy 3treet
Ariinatan, JA 1795000
atta:  (ove 1121

Jefense Dacusentation Center (4 copies:?
lmeron Statien
Aiovandria, vA 21314

~ival hesearch Laboratary
wasnington, B5C 20373
Attn:  Code 000

weval @ rch Labaratory
wasninglon. OC 20278
Atta: Code 8320

#ival lesenrch Ladoratory
wasrinaten, 0 03379
Attn: Lode 0d80

Wavai Eesearch _adoratory
wisnyngton. L0 10379
atta: [age 1830

maval Besasrce Ladoratory
was-ington, U0 9DTe
Att-: lode €330

Myv), Wesedrch _sraoratory
CXTEINCT T2 LINTORE T s |
artn:  {ade 620

Cevid v, Taylar Mavai 3Mp
tesoarcn & Deveiopeent Center

Aragpoiie. AD 21402

attn: Code 28

Javit v, Tayier wyvel Smap
archn a Deve.cpuent Center
Annapaiie. MO Jla02

Taviar sava. snay

Lopeent _erier

Tee.t e Taviar wa.

vesent ~ . )
LAY SN )
A

3P ®p.p, Hh.p
le 0. 3p80 1  enrter
e

PLET Y Y Y TS S TN Y2
L] [1Lag}

» PR TR L L)

-y s it Litren,
<.es0e. & V)ou)

- TecnA Lo a L beary

LANNY ~Merwater S,s'een erier

“es .:- TYoIs)le

are- d0 o
Tecte s a0 a0rar

AN ] *® e
“tesnr
2
“r.s. Y

N fen
[ A3 L] S L

NEL/Undervater Sound Beference Det.
Orlande, FL 3203
AMttn:  Techaical Livrary

wasninqion, OC
Attn:  Code OP-09¢

Cosaander

Mavil Ses Systess Comsand
dashington, BDC  20X62
Attn:  Clade 33029

{onmander

Havil Sea Systess Coeeand
Sashington, D0 20362
Attn:  Code 23826

Cossanier

naval Sea Systees Zossand
wasringtan, LC 20362
Attnl  Cade 29031

®aval 5ea Systees (omeand
dasnington, OC 20342
Attn:  {age 93¢

- nier

%ival Sey Systees Joesand
wishington, L0 I0Ju;
Attn:  Code 3312

Coemander

Mavhi Air Systises Lossand
wasnington, U0 20361
Atin:  lode 230

(oessnder

Hava Mir Systees Coseand
wisrington, O8C 2036:
Aten: Code 7226

-anawnder

®Riva, Air Systeet Cossand
wasrington, D{ 206
Atin: Jode Jioe

lcasander

Mavai dir Svstees loseand
wasnington, 7 I0)e.
atin:  _ode Ji0B

4 Wava. Acadesy
#*ec~anizay knqinesr ~nq Qopt.
anrago.is. D D60

ms.9. Pastarad.ate cmaoi
“3rterer A V36
aren Tecr -, Leary

mr  lerses Pe’ar

Ltf spec.t for Aty § §trouct
ILSOENME  Ine Pertagen

LEEY 1 T 1)

wasn vqlon, 30 L3130,

Prafessar . sutchingsen
“arvard Un,vers. .ty

Lav 3f Nppiied S..ences
Lre0ridye, AN 22408

Frat [ L aher
war Poigtecha. ca. institite
esrrester, 4 ). el%

Jr wwra.d .,eb0w.t1. Ddeer
3rmee 37 Loqr &« Mpp..0@ 5S¢
180710 WaNc. gl Laiettity

[ L LIEIG N

ar s.per* S envayasty
ST TAY TN S Y L 1N |
rocerat, af esstinqton
Seett, 0. ek 8.9

Professer .. 0. freung
Vrowr dniversity

18.0n 3f Enqgirewr g
tracitesce. R 0293

Prafessar B Bugieres,

“ateart Locerar.,
- s.0n ot ¢ Sciences
ey . tee. B 30
Proforsne 5 8 40 v,
,e3r 118 =g, te 32? "p-"n0.0Qy
> mee  3f Erar 4 %eicar.s
LN 13 » 52

Professor .. Duffy
brown University

Biv of UInqun
Frovidence, Bl 02912

Pror ar J.D. Achenvach
horthwestern Un . ers; ity
Degt of Civii Enqinesring
Evarston, il #2201

Professor f. A, AcClintoch

Lopt of mechan.cui Enqinesring
Artaacnasatts (nstitute aof Technelawy
Liebridee., MM D21D9

Pratessor .M. farss

SepL if Mechanical Enqineering
Aaasacn.setts Institute of Technology
~ambridge A 31,319

br. A F. mwriren

Sout*uest Heseyrch lnstitute
P Drawer .30,y

20 Zusevra Woad

Sen Mataate. T 4I94

trotessor F ¥, Triang

Jept of mecnanical Enqe
State , af W1 4t Stony braos
1130, Broce. mew carv 1794
Foafessar 3. meng

Jest of Tneorev.cal 4 Applied Rechs
FAURY 28 FR LYY 38 )

srtana, ..ounery wi00L

Frofessar . deitsesn
iv.i Enqs Zepartaent
To-as 2am L~ ernaty
LGo.eqe station, lecas 7704)

Frafessar 1.2, Laniel

Jept af mecran,cas Enge

Ciiinaas nstitute of lechnology
Thicree, Liainoie ed6l6

Frofessor ©.T. ,ue

S:tuc. of herara.tics b Astronwutics
F.ra,8 _oiversty

¥, Lafasette. (n 47907

Prifessar 1. Awersuch

lest of mecn Ener b Mechanics
Lre.el Jniversiny
Priiadelenis, PA 18104

Fratessor T m. Lyn
Cav@rsity 5* la.ufcrnyg

FEEN A PR et
I R LY L TN S AT R I }
Frofessor o L. U.arwm

et 3f el frar
10,201 Poi Lechnic irsLitute
e, smw corn L2, 40

i A Tariscensen

s¥lre b Ratr Sey et

~iwrence ..vermore wati0nai .aboratory
o dox 30P

L.-oersore. .8 34330

Pratessor I k. hice

Jo.ia,0n 27 Applied Sciences
LT BT I I
-ebridge, oA 0,0

Frafessar w & hgrge

The Janes =3psica Jraversity
esL of sgrawncw

Pa.t.mare. W0 1000

Pestennar L Pl SAyn
’ orier sy

S teum 3t Legirne
Penv. terce. ¥ 339.;

S ifavsor A boser:s

Tormia lmstitote aof feen
TONAuLIC UL .aboratOr IO
Pivadera. (A 9§28

br3fessor 0. Post

A Pc.octecnrac b State W

fept ot Engr Science & Mechanics
Yoarnndury, vh 14061

Frofesnar W Sacneae
CEL. el Ly
~eoL 3¢ 'nearel.cai
v Bgp. .04 Re-nanicy
Serw W A09)

TTTreT W

Professer 4.8, Soringer

Stonfore umiversity

Dopt of Aerensutics & Aetronautics
Stanfere, CA 94303

Center for Coaposites Sesesrcn
St. Lovis, ™ 63id0

Professor S.x. Datts
iniversily of Calorsde

Bept of machanicai {.q.-eering
bovider. L0 #0109

Griversity of Pitisbur yn
Fistsdurgn, PA [S2p)

Or. B.#. Ginllisener

vF b Lewn af Facuity

dorchester Polytechnic lastitule
worcnester, RA 01609

O0r. 9.0, Brucrer

Cept of Aerospace Enq & mecranics
University of florigy
Talishansees, FL 12611

Desn 0.4, doley

Oept of Civii Enqineering
Horthwestiern University
Evenston, IL 60201

saster list o el
July 24, 199

- -
‘v“.‘.:‘ﬂ‘.'.f LICW IS 2

TET W P WY WS W SR S ) —" ——




=
.\: unclassified
:. > ) SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
s$
S
3 REPORT DOCUMENTATION PAGE BEF o8 b CONPL ETTNe FORM
\ 1. REPORT NUMBER 2. GCOVT ACCESSION NO.| 3. REZIPIENT'S CATALOG NUMBER
M . .
¥ UNA/DME/ TR-87/57 A DA %63
; 4. TITLE (end Subtitle) S. TYPE OF REPORT & PERIOD COVERED
3 . . s
Y i m .
s A Composite Grating for Moire Interferometry Technical Report
“,‘- 6. PERFORMING ORG. REPORT NUMBER
Wt UWA/DME/TR-87/57
\ 7. AUTHOR(a) 5. CONTRACT OR GRANT NUMBER(s)
) .
.:;" F.X. YWang, B.S.-J. Kang and A.S. Kobayashi NO0O14-85-K-0187
") 9. PERFORMING ORGANIZATION NAME AND ADDRESS 0. ::giR.Ah"oERLKEnsrTT.NPul:‘O.JE!gsT. TASK
' Department of Mechanical Engineerina, FU-10
¥ University of “ashinaton
-;_:r Seattle, Washington 98195
'I.'h 11. CONTROLLING OFF|CE NAME AND ADDRESS 12. REPORT DATE
Office of taval Research = N‘Jul«;’n]ggzmn
oy Arlington, Virginia 22217 ' 2"; °
s
:( 4. MONITORING AGENCY NAME & ADDRESS(!! difterent from Controlling Oflice) 1S. SECURITY CL ASS. (of thie report)
Pad
S
: Unclassified
TSs. GECLASSIFICATION/ DOWNGRADING
o SCHEDULE
‘E.: 16. DISTRIBUTION STATEMENT (of this Report)
o, .
or'sd Jnlimited
N
~!:|'.
:':’: 17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, 1f dilferent from Report)
‘.'
o
|"‘l
8. SUPPLEMENTARY NOTES
o
&
R,
v.:::
P
i 19. KEY WORDS (Continue on reverse elde If necesaary and identify by block numbder)
9,
&- Moire Interferometry, Composite Gratino, Elastic-plastic Fracture Mechanics
N
5
Q"
20. ABSTRACT (Continue on reveree side if necessary and identify by block number)
.,i; The theoretical backqround and the experimental verification of a new composite
! qrating with two different grating densities, which was developed for simultan-
¥y eous small and large displacement measurements of a single specimen using moire
:" interferometry, are presented in this paper. A composite grating with line den-
u sities of 1200 and 300 lines/mm is then used to study the changes in the dis-
7 nlacement field and the aporoximate J-integral values of a 5052-H32 aluminum,
- single edge notched (SEN) specimen under increasina load.
N2
¥
‘-: DD , 9™, 1473 eoimion oF 1 nov €318 OBsSOLETE s
e ' JAN 73 Unclassified
‘. Tyt S/N 0102-014- 6601 —
P SECURITY CLASSIFICATION OF THIS PAGE (When Date Enteved)
At
-~ |
o,

. . A . N : . = > o) o N » > Ak AR PR n
; ) AL Iy T By b By g Wy iy Ty ; e N i) L A
W, ’-'-“"'i'a“"." ‘"al"""i‘”-}\‘-“"J e, “*’0‘\%'!,.“ deda el 'O:‘"J'a, IS AE A, |‘?l. A U U R R A LB AT I e NSO

A\




el e erwrTUe URNUIUTR vy TRUW WY U L Ag A2 A e .2 & a2 1 § ¢

N
m

& .~- @ 9 9 . &6 o o . O ..

‘5.“ . \ " \1.'\ '. .."! '\;.".. ¥ .'l‘\‘l .'l ‘I; ‘0‘ ..“ ‘. ’1 ’.‘.‘.“" 1( -' "“.;..l ' : )
) n’.. ‘. ...‘ : “.'.‘! .“. :s..'\., |..’|“‘t o' ‘.'. ..l' .i '0 |'l g'! ‘ ‘ . . ‘)
st f ;
RO "“* NOSTON) " "‘u‘ tﬁ“‘-.“ﬂ 5% 2‘ ':"::"h o .h" l"'-: i:




